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ABSTRACT 

Polymers find a wide variety of applications in day to day life because of their unique properties such as high 
strength to weight ratio, lightness, economy, biodegradability etc. The composites with natural fibers as reinforcement are 
increasing interest for the industries and have many applications in aerospace, automotive industry, sports, marine, and 
military. The present work is aimed at the study of the mechanical properties of the polymer composite. 
The work comprises of fabrication of polymer composite followed by testing its mechanical properties. The analysis for 
the strength of the sisal fiber reinforced polymer composites has been made with weight fraction and random orientation. 
The percentage of sisal fiber is varied from 24% to 36% in steps of 6%. The sisal fiber composites were prepared by hand 
layup technique. The specimens were cut according to ASTM standards by water jet machining and the variation in the 
mechanical properties with respect to fiber content in the composite was studied. From the studies made it is found that 
the increase in the percentage of sisal fiber by weight in the composite shown significant improvement with respect to 
mechanical properties and which may replace some of the conventional materials used in automobiles. 
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1. INTRODUCTION 

Over the last few years, composite materials have been dominant emerging materials. The volume and 
number of applications of composite materials have grown steadily, penetrating and conquering new markets 
intensively. While composites have already proven their worth as lightweight materials, the current effort is to 
make them cost effective. Composite materials have been a promising material over a period of time. 
The application of this is increasing steadily and establishing new market interests. As it has already proved its 
worth as lightweight materials, the present study is aimed at making them more economical. The composites which 
have reinforcements as natural fiber has more interest for the industries and have many applications in aerospace, 
automotive industry, sports, marine, and military. The composites industry has started recognizing that the 
commercial applications of composites offer much larger business opportunities than the aerospace sector due to 
the sheer size of transportation industries. Hence the composite applications from aircraft to other application uses 
has become prominent in the past few decades. 

Conventional and traditional fiber reinforced composites are made of glass fibers and carbon fibers which 
are incorporated into polymers, composites have good mechanical properties but these materials pollute the 
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environment because of non-degradability of synthetic fibers. The world is seeing a change, an increase in the pollution 
level has slowed down the change towards good and it’s a high time that world community works towards this challenge. 
There is a need for use of renewable sources to reduce the amount of pollution. Thus use of bio fibers as a replacement to 
synthetic and harmful fibers is becoming a trend. Bio fibers are hence facing a renaissance, not only for earlier industrial 
products but also for the production of new types of materials and products. The use of natural or plant fiber reinforced 
composite is progressing with time. This is because of advantages such as low cost, ease of availability, lightweight etc. 
The important and exclusive properties of the natural composite are its renewability and biodegradability. These materials 
are eco-friendly and these composites also provide an alternative way to deal with agricultural residue. 

In the present work, sisal fiber composite specimens are prepared by varying the weight percentage of sisal fiber 
using the hand layup method. These specimens were cut using the water jet machining to required ASTM standards. 

The composite specimens prepared are subjected to different mechanical tests such as tensile, bending, hardness, 
impact. The electrical property of the sisal fiber composite has been studied using the breakdown voltage of solid 
insulation as a parameter. 

2. MATERIALS AND METHODS 

In the present work, hand layup technique was used for the preparation of composite with sisal fibers as the 
reinforcement material, L-12 as the resin and K-6 as the hardener. 

2.1. Preparation of Fibers 

The sisal fibers come under organic classification i.e. biodegradable and it further comes under plant species and 
the fiber is processed from the stem. Since the fibers come from the stem, less energy is required to process the leaves to 
get the fibers. The leaves are soaked in water for about an 8-10 days, after which the leaves being beaten on a stone to 
remove the extraneous matter, and there the separated fiber is washed, dried in sunlight and baled. The sisal plant has a 
(7-10) year life-span and typically produces around 200 commercially usable leaves. Each which will have an average of 
around 1100 fibers. The fibers account for only around 4% of the plant by weight. Decortication is another means of 
extracting fibers where leaves are crushed, beaten, and brushed away by a rotating wheel set with blunt knives. Depending 
on the weather, the fibers will dry in two to three days under sunlight. Proper drying plays a vital role as the quality of 
fibers depends heavily on moisture content. 

2.2. Preparation of Composite 

In the hand lay-up process, an aluminum sheet metal is used to make the mould of the dimension 300X300X3 
(mm). The corners of the mould are left open so that the excess mixture of resin and hardener drains out of the mould. 

After the extraction of the sisal fiber, it is treated with NaOH solution of 10% concentration and left for an hour. 
This treatment cleans the fiber from dust and particulates. Alkaline treatment also reduces the hemicellulose content of the 
fiber and the moisture absorption of the sisal fiber. The tensile strength of the fiber is found to increase after the alkaline 
treatment. The resin (L-12) and hardener (K-6) used are in the ratio of 10:1 for proper curing, thus 30 ml of hardener is 
added to 300ml of resin to make a laminate of required dimension. In the fabrication process of composite initially the 
surface of the mould is cleaned and then a thin sheet of plastic is laid on the mould followed by spraying a layer of 
releasing agent (wax) on the sheet and allowing the wax to semi-dry. The next step is to pour the mixture of resin and 
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hardener in the mould, now the fibers are impregnated in the mould. This process is continued untill the required thickness 
of the laminate is obtained. 


The Waterjet machining is used to cut the laminates of (300X300X3) mm into smaller specimens according to the 
ASTM standards. 



Preparation of mold 




Laminate after finishing Laminate in semi-solid state Impregnating the fiber in mold 

or curing 


Figure 1: General Flowchart of the Composite Preparation Process 


2.3. Preparation of Test Specimens 


Specimens to the required shape and dimensions according to the ASTM standards were prepared using waterjet 
machining as shown below. 



Figure 2: Test Specimen for Tension as per (ASTM D638-03) 
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Figure 3: Test Specimen for Bending as per ASTM D3039 



Figure 4: Test Specimen for Impact Test as per ASTM D256-06 
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Figure 5: Test Specimen for Figure 6: Electrical Test 

Hardness (30X30 mm) Specimen (80X80 mm) 


3. RESULTS AND DISCUSSIONS 

3.1. Tensile Test 


Stress vs Strain 



Force v/s Displa cement 2 4% 
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Figure 8: Force v/s Displacement 


From Figure 7 it is evident that tensile strength has increased with the percentage increase in the addition to the 
fibers. It is clear from the figure that among the samples tested the fiber reinforced composite with 36% fiber addition by 
weight could bear a load of 1011 N at an extension of 1.22 mm with ultimate strength and Young’s modulus of 56.16 MPa 
and 1.519 GPa respectively. 


3.2. Bending Test 



Figure 9: Force v/s Displacement 


Figure 9 shows the bending load v/s displacement curve for different composites. The figure reveals that the 
bending properties are affected by the weight of fiber in the composite and the material with 36% fiber withstands the 
highest value of bending load equal to 192 N and yields more strength if compared with other two samples. 
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It is observed from the Figure 10 that the impact strength of composite laminate with36% sisal fiber reinforcement 
is higher than the other laminates. Laminate of 24% and 30% exhibit poor impact strength due to the poor interfacial 
bonding between fabrics and matrix as well as fabrics pull out. 

3.4. Hardness Test 

The result for hardness using the Rockwell hardness testing machine was found to be 95HRC where C stands for 
the scale used for measurement. The Hardness test conducted wasn’t accurate as the top layer of composite is made of resin 
and gives a different value for every sample. 

3.5. Breakdown Voltage of Solid Insulation 

The breakdown voltage of the laminates was found to be decreased with the increase in fiber percentage as seen 
from figure 11. 



Figure 11: Breakdown Strength Comparison 

4. CONCLUSIONS 

The following conclusions were made from the tests conducted on sisal fiber for various mechanical properties. 

• Sisal fibers were successfully reinforced in the mixture of resin and hardener giving a strong laminate. 

• The variation in the mechanical properties with respect to the fiber content in the composite was studied. 

• It was found that the peak load increases with the increase in the content of the fiber in the composite during both 
tensile and bending test. 

• The maximum displacement was highest in the specimen with 30% fiber weight. 
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• The impact strength of the specimens increased with the increase in the percentage of fiber in the composite. 

• A breakdown voltage of solid insulation was found to be decreasing with the increase in the fiber percentage in 
the composite 

• A hardness of the specimens couldn’t be accurately determined because of unavailability of the Shore durometer 
hardness tester, however, the test conducted on the specimens using Rockwell hardness testing machine showed 
negligible change in the hardness with respect to the fiber percentage in the composite. 
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